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Introduction
Systemic necrotizing vasculitis represents a major challenge in critical care units. The prognosis of a fulminating vasculitic illness is poor, with patients admitted to the intensive care unit (ICU) with suspected pulmonary vasculitis having a mortality between 25% and 50% [1] . Early and accurate diagnosis and aggressive treatment are essential to optimizing outcomes while avoiding unnecessary immunosuppressive therapy. In this second part of the review we consider the role played by the ICU in their treatment and look at the prognosis of the fulminant presentations. Although there is a firm evidence base for firstline treatment of the vasculitic process, the evidence for the treatment of resistant and severe disease relies more on small cases series and single centre experiences.
Treatment specific to the vasculitis Corticosteroids/cyclophosphamide
The combination of high-dose corticosteroids and cyclophosphamide are the mainstay of treatment for the vasculitides, and disease resistance to this combination is rare [2] [3] [4] . Remission of Wegener's granulomatosis (WG) or microscopic polyangiitis (MPA) has been reported in up to 90% of cases, although one would expect this to be considerably less in the critical care population.
A trial of corticosteroids alone can be considered for cases of polyarteritis nodosa (PAN) or Churg-Strauss syndrome (CSS) that are not immediately life threatening. However, they should not be used alone in cases of WG, MPA, or the more fulminant presentations of PAN and CSS seen on critical care units [4] [5] [6] [7] [8] .
Historically, cyclophosphamide has been given orally in the antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides. However, there is evidence that pulsed intravenous cyclophosphamide is at least as effective in attaining remission and may be less toxic, although this may be at the expense of a higher likelihood of relapse [9, 10] . No difference has been demonstrated between monthly intravenous (0.6 g/m 2 body surface area) or daily oral regimens in CSS, whereas in PAN the question has not been systematically addressed [11] . The European Vasculitis Study Group is currently coordinating a large prospective study (the CYCLOPS trial) designed to provide more complete data on the role of intravenous
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Clinical review: Vasculitis on the intensive care unit -part 2: treatment and prognosis cyclophosphamide in ANCA-associated vasculitis. In the critically ill patient in whom there may be doubts about drug absorption, the intravenous route may be the only choice.
A typical regimen for a patient with fulminant multisystem disease is three daily doses of intravenous methylprednisolone (total daily dose dose 0.25-1 mg), followed by oral prednisolone (1 mg/kg) or equivalent. Intravenous cyclophosphamide (0.5-1 g/m 2 body surface area) is started at the same time as the methylprednisolone and repeated at intervals of between 1 and 4 weeks. Alternatively, oral cyclophosphamide 2-4 mg/kg per day is used if the gastrointestinal tract is competent. Less severe disease would demand lower doses of oral cyclophosphamide (1.5-2 mg/kg per day) and oral steroids (1 mg/kg) only.
Treatment related morbidity and mortality are frequently seen with this regimen and may be minimized by early dose reductions or substitutions for less toxic agents. This must be balanced against the risk for disease relapse. Oral steroids should not be reduced for at least 1 month after remission. Until recently many centres would continue the cyclophosphamide for up to 12 months after remission in ANCAassociated conditions. In PAN there is evidence that 12 months of monthly intravenous cyclophosphamide is associated with lower mortality than 6 months of therapy. Recently, data have shown no increased incidence of relapse if cyclophosphamide is substituted for azathioprine (2 mg/kg per day) after 3 months in WG or MPA [12] . There are no data for this approach in either CSS or PAN [13] .
Disease that is truly resistant to a corticosteroid/ cyclophosphamide regimen is rare, but it is more common in fulminant disease [4] . Care should be taken to ensure that the ongoing or deteriorating condition is due to active vasculitis and not irreversible organ damage, drug toxicity, or sepsis. Inadequate drug therapy is the most common cause of treatment failure. In cases in which cyclophosphamide and corticosteroids have failed to suppress the vasculitic activity, or in which side effects are unacceptable, there is scarce information to guide the next step.
Further treatment strategies

Plasma exchange
The role of plasma exchange (PE) is still far from clear. However, it would appear to be most useful in the ANCAassociated vasculitides. It is an intellectually attractive therapeutic option, given the likely pathogenic role of ANCA in these conditions. Initial trials showed benefit when PE was used in addition to a corticosteroid and cyclophosphamide regimen, but only in cases in which there was dialysis dependence at presentation [14, 15] or concurrent anti-glomerular basement membrane disease (a rare overlap). No evidence of additional benefit has been observed in less severe disease [16] . PE has also been used in some centres for fulminant disease causing pulmonary-renal failure requiring organ support [17] or for severe pulmonary haemorrhage, in which it has theoretical benefits. Recently, the completion of a large multicentre, international trial has clarified the role of PE in vasculitis. The MEPEX trial compared the use of oral cyclophosphamide and either PE followed by oral prednisolone or three pulses of daily intravenous methylprednisolone (15 mg/kg) followed by oral prednisolone. The 151 patients included had either WG or MPA and a serum creatinine concentration greater than 500 µmol/l. Early followup data suggest that the PE group exhibited improved dialysis independence at 3 months, whether they were dialysis dependent at presentation or not [18] . There were no differences in mortality. PE is not without potentially serious complications such as infection, cardiovascular compromise and electrolyte disturbance. Therefore, longer term follow-up data will clearly be important.
There is no evidence that PE is of additional value in CSS and PAN [19] .
The patient with a diagnosis of either WG or MPA, particularly those with acute renal failure and/or severe pulmonary haemorrhage, may benefit from PE (if it is available locally) and cyclophosphamide as first-line therapy. There are few data to support the use of a combination of PE, methylprednisolone and cyclophosphamide for initial treatment.
Hepatitis B associated polyarteritis nodosa
Immunosuppressive regimens alone are associated with an adverse prognosis in hepatitis B associated PAN [20, 21] . However, several small series and case reports of short courses of steroids combined with antivirals and PE or interferon-α have demonstrated more success [22] [23] [24] [25] [26] . Extrapolation of these results to the ICU environment is necessary because there are no data specifically relating to this severe end of the spectrum. A typical regimen might be prednisolone 1 mg/kg daily for 1 week, rapidly tapering off over the next week, followed by lamivudine 100 mg/day (reduced if renal function impaired) for at least 6 months, together with serial PEs. These are performed three times per week for 3 weeks, twice per week for 2 weeks, and then once per week until loss of hepatitis B e antigen and development of hepatitis B e antibody occurs in the patient's serum, or sustained clinical recovery for 2-3 months has been achieved.
Other novel treatments
As the pathogenesis of these conditions becomes clearer, and understanding of the respective roles of the cellmediated and humoral immune systems improves, novel therapies are being developed based on this theoretical knowledge. Options currently under investigation include anti-tumour necrosis factor antibodies, anti-T-cell or anti-Bcell antibodies, pooled intravenous immunoglobulin and other chemotherapeutic agents. Most have been reported only in very small numbers of patients (often only one), and so conclusions on their efficacy cannot reliably be drawn.
However, it appears that there may be evidence to recommend intravenous immunoglobulin in CSS that has not responded to conventional treatment [27, 28] .
Possible complications of therapy
Superadded infection
Treatment for small vessel vasculitis is potent and highly toxic. Although the near universal mortality associated with untreated disease justifies its use, every care needs to be taken to minimize its adverse consequences. In the short term this requires regular monitoring for significant bone marrow suppression. Vigilance is also needed for superadded infection. Severe treatment-related infections occur in approximately 10% of cases treated with cyclophosphamide and are a significant cause of mortality [11] . Although the evidence is lacking for its unequivocal recommendation, many would view prophylaxis against Pneumocystis carinii pneumonia with co-trimoxazole as mandatory for all patients on high-dose cyclophosphamide.
Bone protection
Although the consequences of the bone demineralization related to high-dose steroid use will not be apparent for many months, or possibly years, the most rapid loss occurs soon after starting treatment [29] . Bone protection, in the form of bisphosphonates, with or without vitamin D and calcium supplementation, should be prescribed from the onset in any patient expected to have a prolonged course of steroids.
Intensive care unit specific management
Airway management WG classically involves the upper respiratory tract, which in approximately 16% of cases results in subglottic stenosis [5, 30, 31] . The implications for airway management include potentially difficult intubation requiring a smaller diameter endotracheal tube, and consequently tracheostomy may be required in approximately 50% of cases (80% will need some form of surgical intervention ranging from dilatation to reconstruction) [5, 30] .
Respiratory management
Small vessel vasculitis in the lung involves destruction of arterioles, capillaries and venules by infiltration of activated neutrophils leading to interstitial oedema and diffuse alveolar haemorrhage. Care should be taken to avoid exacerbation of pulmonary oedema and haemorrhage. Such patients may require invasive haemodynamic monitoring [1] .
Pulmonary oedema, haemorrhage and the potential for development of the acute respiratory distress syndrome will reduce lung compliance. Large tidal volumes or pressure changes may further exacerbate damage to the pulmonary microvasculature, and it would therefore seem prudent to adopt a protective ventilation strategy. Current evidence supports aiming for tidal volumes of 6 ml/kg and inspiratory plateau pressures below 30 cmH 2 O, while using appropriate levels of positive end-expiratory pressure to improve functional residual capacity and alveolar recruitment [32] . In a small series of seven patients with fulminant vasculitis admitted to ICU, two subsequently developed tension pneumothoracies where protective ventilation strategies were not employed [33] .
Cardiovascular management
In addition to the impaired gas exchange caused by pulmonary haemorrhage, large volumes of blood may be lost into the alveolar space before haemorrhage becomes apparent as haemoptysis. As a result, patients with severe systemic vasculitis are often anaemic. This combination of hypoxia and anaemia may dramatically reduce oxygen delivery to the tissues.
On admission to the ICU patients with fulminant vasculitis may be hypotensive because of a combination of dehydration, haemorrhage and systemic inflammatory response syndrome. As such they may require ionotropic/vasopressor support [33] .
Hypertension can be problematic in PAN. This is due to activation of the renin-angiotensin-aldosterone axis as a consequence of renal ischaemia. Therefore, an angiotensinconverting enzyme inhibitor or angiotensin II receptor blocker may be helpful, although care must be taken to ensure that they do not contribute to a further decline in renal function.
Renal management
Renal replacement therapy may be required acutely during treatment of the vasculitis, and in 20-40% of cases this will need to continue in the long term [4] . Unfortunately, of those who avoid long-term renal replacement therapy initially, many will progress to end-stage renal failure.
Sepsis
In a study of 26 patients with systemic necrotizing vasculitis admitted to the ICU, there was a 15% ICU mortality rate, with 75% of deaths due to sepsis [34] . The risk for acquiring nosocomial infections is high because of the immunosuppressive therapy. The diagnosis of infection may be hampered not only through use of immunosuppressants but also by the disease process itself, as discussed in part 1 of this review. Treatment with activated protein C has been shown to reduce mortality in severe sepsis, and its use should be considered for appropriate patients [35] .
Gastrointestinal tract
Gastrointestinal involvement may include diarrhoea, gastrointestinal haemorrhage, or perforation, and this may be exacerbated, or indeed masked, by high-dose steroid therapy. In common with other critically ill patients, early enteral feeding and gastric protection is recommended where possible.
Metabolic management
In common with all critically ill patients, blood glucose should be tightly controlled to within normal limits using insulin infusions where necessary [36] .
Prophylaxis for deep vein thrombosis
Deep vein thrombosis prophylaxis should be administered appropriately, bearing in mind the potential for pulmonary and gastrointestinal haemorrhage.
Prognosis
Untreated, these conditions have a very bleak outlook. Historically, 90% of WG/MPA patients died within 2 years; CSS was nearly universally fatal, with 50% of deaths within the first year. PAN had a 5-year survival of 13%, again with most deaths occurring in the early stages of the disease. However, the advent of effective treatment has dramatically altered these figures. Overall, 5-year survival is now in the region of 70-80% for all four conditions. Fulminant cases still represent a greater problem, and 25-50% survival would be more realistic for the ICU population [3, 4, 6, 8, 17, 37, 38] .
Attempts have been made to identify those patients at highest risk. Unsurprisingly, those with a high Acute Physiology and Chronic Health Evaluation II score, Simplified Acute Physiology Score II or Birmingham Vasculitis Activity Score have a high mortality [34, 39] . One series found the presence of cardiac, gastrointestinal, central nervous system or renal disease (a high creatinine or proteinuria > 1 g/24 hours) to be adverse indicators of outcome for CSS. The presence of all of these factors reduced the 5-year survival to 50% [38] . In PAN, renal, gastrointestinal, or cardiac involvement are also adverse prognostic indicators [8] . Despite the often severe nature of their initial presentation to the ICU, a trial of full therapy should be made before decisions on futility are made.
The principal causes of early death are related to the disease in approximately half of cases (pulmonary-renal failure, cardiac involvement). However, with newer therapies between 23% and 50% of deaths may be attributable to the adverse effects of treatment (sepsis, malignancy) [37, 40, 41] .
There is a very high morbidity associated with these conditions, caused by irreversible organ damage that occurs before treatment is effective. For example, progression to end-stage renal failure eventually occurs in up to 20-25% of patients with WG or MPA in the absence of active inflammation [3, 4, 40] . A significant proportion may also be due to toxicity of the treatment. Long-term corticosteroid use has well documented consequences, whereas prolonged oral cyclophosphamide use carries a life-long increased risk for bladder carcinoma, cutaneous squamous cell carcinomas, myelodysplasia and lymphoma. Some estimates put the yearly risk for malignancy at around 2.5 times normal, but this is probably an underestimate [5] . Up to 50% of women given cyclophosphamide for WG become infertile or amenorrhoeic in some series [5] .
Conclusion
The modern treatment of vasculitis has revolutionized the outlook for these conditions. From near universal mortality within years, or even months, the expectation now favours survival past 5 years, and even in the ICU population respectable results are possible. However, treatment is not without cost, and a high percentage of those surviving will have considerable morbidity related either to the underlying condition or to the treatment itself. New, more specific treatments are under investigation, and have the potential to improve this even further and perhaps reduce the associated morbidity.
On the ICU the vasculitides present particular challenges for airway management and vital organ support, but although the evidence base in this area is thin, relying mainly on cases series, some specific recommendations are possible.
